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Index test are a set of measurements performed on hydro units in or 
der  to  determine  the  relative  flow  and  the  relative  efficiency.  This 
method is usually used on refurbished hydro units, before and after re 
habilitation. [1] 
Key words Index tests, Francis turbine, hydro unit, wicket gates, rela 
tive efficiency 
1. Introduction 
From 2003 to 2007, on HPP Ruieni HA1 a set o test (index test) was per 
formed, in order to determine the turbine efficiency for three different heads. The 
final application that results from this test are to implement a system for optimal 
exploitation of these hydro units [2]. This paper work presents only the methodol 
ogy used for tests and some results.  
2. Test method 
The methodology for index tests on hydro units are present in IEC 60041 – 
“Field acceptance tests to determine the hydraulic performance of hydraulic tur 
bines, storage pumps and pump turbines” and this tests are performed in accor 
dance with this international standard. 
After the tests the follow operation was performed: 
·  Winter Kennedy  pressure  taps  was  cleaned  in  accordance  with  IEC 
60041; 
·  The trash rack was cleaned; 
·  The  “on  line”  acquisition  system  and transducers  are mounted and 
calibrated. 
Usually, the tests are performed as follows: 
ANALELE UNIVERSITĂłII  
 
“EFTIMIE MURGU” RE IłA 
ANUL XV, NR. 1, 2008, ISSN 1453 - 7397 
   120 
·  The  hydro  unit  is  started  at the maximum power and firs point of 
measure is recorded; 
·  The  wicket  gates  is  closed  in  steps,  and  for  each  step  a  point  of 
measure are recorded; 
·  The last point of measure is at the minimum power that can be ob 
tained. 
For one head 8  10 position of wicket gates opening are recorded and in this 
case, for this hydro unit, 8 positions was recorded. 
Graphically, the measurement method is presented in figure 1. 
 
Figure 1 
2. Measurement instruments 
The measurement was performed by CCHAPT Resita and all the instrument 
are property of CCHAPT. 
The measuring system is in accordance with IEC 60041 and is composed by: 
·  Transducers for electrical, mechanical and hydraulic process; 
·  Data acquisition system; 
·  Computer; 
·  Software   developed by CCHAPT. 
Figure 1 presented a section from HPP Ruieni and the location for transducers 
that was mounted on hydro unit for tests. 
The signification for symbols presented in figure 2 is: 
P [MW] – generator active power; 
pcs [bar] – pressure at the entrance of spiral case; 
SAD – wicket gates opening; 
psad – pressure in wicket gates servomotor; 
DWK – Winter – Kennedy differential pressure; 
zav – tail water level. 
All this measures values are computed “on line” and were stored on PC.  
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Figure 2 
3. Computed values 
From the values recorded the follow values was calculated: 
·  Net head Hn [m]: 
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where: 
zi is head water level measured at the entrance of spiral case; 
ze – tail water level; 
Q – discharge; 
g – acceleration due to gravity; 
Si – section at the entrance in spiral case (inlet section); 
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Se – section at the exit of draft tube (outlet section); 
Pi – pressure measured in inlet section; 
Pe – pressure measured in outlet section. 
·  Turbine hydraulic power Pt [MW]: 
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where: 
PA – active power measured; 
hG – generator efficiency. 
The turbine mechanical losses are neglected. 
·  Turbine efficiency ht: 
Q H g
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= h = h         (3) 
·  Hydro unit efficiency hA: 
G T A h × h = h         (4) 
Knowing the water density, acceleration due gravity, reference levels, control 
surface and the correspondence between wicket gate blade opening and stroke of 
servomotor and the model hill chart three heads was measured in three years. 
4. Results of measurements 
 
Figure 3 Results of index test for head H = 306,5 m 
 
In year 2003 the test was performed at the head H = 306,5 m, and the result, 
are presented in figure 3. 
The significations of notation made in figure 3 are the follow: h is turbine effi 
ciency determined from the model hill chart for head H = 306,5 m; ht – turbine   123 
efficiency determined from index tests; hA – hydro unit efficiency determined from 
index tests; PT – turbine power calculated; PA – generator power measured, SAD – 
wicket gate servomotor stroke. 
  The next heat measured was H = 317,5 m and the tests were performed in 
2004, in the same condition with the first one. The results are presented in figure 
4 with the same signification of notation. 
 
 
Figure 4 Results of index test for head H = 317,5 m 
 
  Last head H = 325,6 m was measured in 2006 and the results are presented 
in figure 5. 
 
 
Figure 5 Results of index test for head H = 325,6 m 
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5. Conclusion  
The index tests performed on this hydro unit shows that the turbine operate 
very good. The difference between measured turbine efficiency and efficiency de 
termined from the model hill chart are small, 0,41% for low discharge and 0,14% 
for high discharge. 
These  sets  of  tests  validate  the  prototype  hill  chart  developed  by  CCHAPT 
which is integrated in a monitoring system for hydro unit optimization that is func 
tional in HPP Ruieni 
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